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INTRODUCTION. 
In  a  previous  publication  (I)  the  author  has  shown  that  the 
polygonal epithelial cells of frog skin assume a  fusiform or thread- 
like  shape  ("spindle  cells"  and  "thread-like  columnar  cells") 
shortly after they have wandered out into the medium.  In this form 
they closely resemble connective tissue cells. 
Champy  (2)  found in the case of the explanted kidney that both 
connective tissue and epithelial cells gradually took on an indefinite 
character, and he observed the same phenomenon in the explanted 
parotis,  submaxillaries,  and thyroids.  It  is  of especial importance 
to  note  that  the  indefinite  tissue  of  these  organs  is  absolutely 
identical, and that, for example, the tissue derived from the kidney 
cannot  be  distinguished  from  that  from  the  parotis.  He  calls 
this  phenomenon  "dedifferentiation,"  and  attributes  it  to  loss  of 
function.  It  seems  to  us,  however,  that  but  little  is  gained  by 
this explanation,  for we possess no information regarding the  func- 
tions  of  these  organs  in  the  embryonic  stage  and  are  unaware 
whether, for instance, the parotis or submaxillary functionates at all 
in the fetal organism.  The point to be emphasized is rather the fact 
that organs as different as the kidney, salivary glands, and thyroids 
develop identical tissues as soon as the same chemicophysical condi- 
tions  are  brought  to  bear  on  the  respective  organs.  This  result 
signifies that the  factors responsible  for this  equalization are pres- 
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ent in the culture medium.  Thus,  in view of the  fact that  we can 
modify at will the  character  of the medium,  we  are  supplied  with 
a  definite means  of  further analyzing these phenomena. 
It stands to reason that the above mentioned changes occurring in 
the cells are the result not of one factor, but of a number of different 
chemical and physical factors.  In this paper, however, we intend to 
confine ourselves to the description of but one of these factors and to 
show in what way the consistency of the medium influences the form 
of the cell. 
It  is  an  easy matter  to  vary the  firmness  of the  medium,  which 
consisted  of  frog  plasma  and  frog  muscle  extract  obtained  from 
the  same  species  (Rana pipiens)  that  supplied  the  fragments  of 
skin.  The  plasma  of  all  individuals  of  the  same  species  does  not 
coagulate uniformly well,  and  it  was  soon  apparent  that  this  fact 
greatly  influences  the  form  which  is  subsequently  assumed  by the 
cells.  Furthermore,  by  the  addition  of  chicken  plasma  the  frog 
medium  can usually  be  made  to gain  a  semi-firm  consistency,  and 
by the combined addition of chicken plasma  and embryonic chicken 
extract the medium becomes very firm. 
In previous  experiments  (I)  we carried out prolonged  observations  on cul- 
tures that were cultivated  in  a pure  frog medium  (frog plasma ~-frog muscle 
extract), and found that the rim of tissue  which  formed around the explanted 
fragment of skin began by assuming the form of a compact membrane consisting 
of polygonal  cells.  Next the cells situated  at the edge of the membrane  began 
to project out into the medium, at the same time taking on an elongated  spindle- 
shaped  form  (spindle  cells).  Many  of these  cells became  detached  from the 
membrane  and wandered out into  the plasma.  By this  means  the edge  of the 
membrane assumed  a ragged appearance.  Finally spaces occurred in  the mem- 
brane  which  were bridged  over by very elongated  cells, often  thread-like  in 
appearance  (thread-like columnar  cells).  As  a  result  of  successive  processes 
the  entire membrane gradually became  divided  up  into  long  cells  of  the con- 
nective tissue  type which strayed out into the medium. 
It has now been shown that this  change in the  form of the tissue 
membrane and of its cells results  from the gradual softening of the 
medium, and we are thus able, by fhe employment of suitable media, 
to produce artificially the  individual  stages  of this  process,  accom- 
panied  by the  characteristic  form  of  the  cells.  The  shape  of  the 
cells can be maintained permanently polygonal or fusiform, accord- 
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As in our previous experiments, the material chosen was obtained 
from  the  dorsal  skin  of  the  adult  leopard  frog  (Rana  pipieJzs), 
which was cultivated in small fragments (approximately two square 
millimeters).  The following are the results obtained with I79 cul- 
tures,  and  they  are  in  accordance  with  the  findings  and  records 
of the 48o cultures of our previous work. 
EXPERIMENTAL. 
Experiments  with  a  Firm Medium.--'We  shall  first  describe  tile  experiments 
made with a  firm medium.  A  medium  was  considered firm when,  in the process 
of  changing, the  culture could  be cut  out of  the  old  medium  enclosed  in  a  firm 
block of medium.  The firmness of these blocks was  so great that they failed to 
bend  over  the  edges  of  the  cataract  knife,  even  when  they  were  considerably 
broader than the knife itself.  We usually obtained such a  medium  by adding to 
two  drops  of  frog  plasma  (F.P1.) z  one  drop  of  frog  muscle  extract  (F.E.), 
one  drop  of  chicken  plasma  (Ch.P1.),  and  one  drop  of  embryonic  chicken  ex- 
tract  (Ch.E.). 
Fig.  I  shows  a  culture  (B  174 )  in  the  firm  medium  (F.PI.+  F.E.+  Ch.Pl. 
+  Ch.E.);  photographed  about  twenty  hours  after  explantation.  A  consider- 
able  rim  of  tissue  has  formed  around  the  old  fragment.  It  consists  of  strictly 
polygonal cells,  and  its  line of  demarcation  towards  the  medium  is  uniform  or 
only  slightly irregular.  The  cells  are  closely pressed  together.  A  vertical  sec- 
tion of these cultures shows that the rim of tissue usually consists of  from  three 
to  four  layers  of  cells  at  the  center,  and  of  two  layers  at  the  periphery,  and 
that the  cells  are  polyhedral  in  shape,  as  shown  in  Fig.  2.  In  Fig.  3  are  seen 
from  above  some  of  these  polyhedral  ceils  taken  from  a  culture  fixed  i~  toto 
and  stained  with  Giemsa  (B  169);  it  was  prepared  in  the  same  medium  as 
culture B  1;'4 in Fig.  I.  Thus viewed we clearly see the polyhedral shape of the 
cells. 
Fig.  4  (Culture  B  114)  represents a  stained  culture  after a  six  days'  sojourn 
in a  firm medium.  The  culture  was  prepared  on  Dec.  15  and the  following day 
showed  but  a  relatively  small  rim  of  cells.  On  Dec.  17  the  fragment  of  skin, 
together  with  the  cell  membrane,  was  placed  in  a  fresh  medium.  Oll  Dec.  19 
the rim of cells had increased in size while remaining compact.  It is noteworthy 
that no  migration of  cells  had  taken  place.  On  the  same  day  the  old  medium. 
which  had  remained  c~mpletely  firm,  was  exchanged  for  a  fresh  medium,  into 
which  was  transferred  the entire membrane of  tissue.  On  the morning  of  Dec. 
31  the medium  showed  signs  of  liquefying on  one  side.  One  protuberance  into 
the medium had already formed,  as well as a  small cavity,  which latter,  however, 
was  subsequently  destroyed  by  fixation  (to  the  left  of  the  figure).  After  six 
days  the  culture  was  fixed.  The  membrane  consisted  exclusively  of  polygonal 
ceils  (Fig.  4),  with  the exception  of  that portion  where  the medium  had  begun 
to  liquefy.  Fig.  5  represents a  part of  the epithelial rim of  Culture  13  114 mag- 
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nified i,ooo times.  The polygonal shape of  the cells is distinctly seen.  It should 
be  noted  that  the  tissue  membrane  of  this  culture  (as  also  of  all  others  sub- 
jected to the same conditions)  maintained its compact  form for six days without 
becoming loosened  up,  and  that  even  the  outermost  cells  of  the  rim,  shown  in 
Fig.  5,  remained polyhedral in shape. 
Fig.  6  was  taken  from  a  living culture  (B  IO3)  ten  days  after  explantation. 
The  culture  was  started  on  Sept.  12,  1914,  and  at  first  showed  but  slight  signs 
of  growth.  The  epithelium  did  not  attain  any  considerable  dimensions  until 
Dec.  I3,  at which time it was  quite thick.  On  Dee.  14 the medium  was  changed 
for  the  third  time,  whereupon  it  was  found  to  be  of  exceedingly  firm  con- 
sistency.  Thus  it  was  possible  to  transfer  the  large  tissue  membrane  without 
injury into the new medium.  On  Dec.  15  the rim of  tissue was  not  as  compact 
as  in  similar  cultures  which  had  been  maintained  under  the  same  conditions. 
When  the  medium  was  changed  on  the  same  day  it  was  also  found  to  be  less 
firm than that of  the other cultures.  Nevertheless,  it was  possible to  cut  out  a 
block sufficiently firm to permit of the transfer of  the entire rim of cells into the 
new medium.  The cells of the outermost edges,  however,  which were  the result 
of  the growth  from  Dec.  14 to  I5,  tended  to  become  massed  together.  On  the 
I6th additional increase in the size of the cell membrane could be seen and new 
cells had been added.  No  migration of  cells  had  taken place,  however,  and the 
membrane was quite compact.  On  Dec.  17 the medium was  again changed.  On 
Dec.  19  enlargement  of  the  membrane  could  again  be  seen  in  certain  sections, 
but the form of  the membrane remained uniform and was  unindented.  No  cell 
migration had taken place.  At this stage the culture was photographed  (Fig. 6). 
To the left of the figure can plainly be seen the thin layers of cells which sprouted 
out  on  the  day  preceding  that  on  which  the  photograph  was  taken.  They  are 
separated  from  the  remaining tissue  by  a  lighter band  of  tissue.  No  detached 
cells  can  be  seen around  the  culture.  The  latter,  therefore,  maintained  for  ten 
clays consecutively a  compact rim of  tissue,  which grew  almost continuously and 
failed  to  undergo  loosening  up.  The  cells  remained  permanently  polygonal  in 
shape. 
As long as  the medium  remained  firm  the  same  conditions  were  observed in 
all the other cultures  subjected to the above treatment. 
Experiments with a Medium of Semi-Firm Consistency.--A medium of  semi- 
firm  consistency  was  supplied  by  the  addition  of  chicken  plasma  to  the  frog 
plasma  and  frog muscle extract  (2 drops  of  F.P1.2_ I  drop  of  F.E. -j- I  drop  of 
Ch.P1.).  With a  medium of this consistency it is still possible to remove a  clean- 
cut  block  from  the  drop  of  plasma,  but  these  blocks  are  so  soft  that  if  they 
extend  beyond the  edge  of  the knife  their  sides  double  over  and  adhere  to  the 
under surface of the knife.  In order,  therefore, to transfer into a  fresh medium 
large blocks of  this consistency with the enclosed  culture  every precaution  must 
be used to avert this doubling over. 
Moreover,  it  should  be  stated  that  owing  to  the  extreme  fluctuations  in  the 
consistency  of  the  above  mixture  (F.P1. +  F.E. +  Ch.P1.)  the  results  here  ob- 
tained were by no means as uniform as those secured with the mixture composed 
of  F.P1. +  F.E. +  Ch.P1. +  Ch.E.  Sometimes,  for  instance,  a  very firm medium 
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frog  medium.  But  it  is  easy  in  each  case  to  ascertain  the  degree  of  firmness. 
Here,  however,  we  shall  mention  only  the  behavior  of  the  cultures  kept  in  a 
semi-firm  medium;  for  their  behavior  when  in  a  firm  or  soft  chicken  plasma 
mixture  (F.P1. +  F.E. +  Ch.P1.)  is  the  same  as  when  kept  in  a  firm  medium 
(F.Pl.+  F.E.-~- Ch.P1.-~- Ch.E.)  or  in  a  pure  frog  medium  (F.F1. +  F.E.), 
respectively. 
Fig.  7  represents  a  culture  about  twenty  hours  old  (t3  86),  cultivated  in  a 
mixture  of  F.P1. +  F.E. +  Ch.P1.  The  rather  broad  rim  of  cells  is  seen  to  be 
very  dissimilar  from  the  tissue  membranes  obtained  in  a  firm  medium.  The 
central zone of cells cannot be clearly made out in the photograph,  owing to  too 
intensive staining.  Nearly all the peripheral cells have assumed a  spindle-shaped 
form.  At  several places  sharp  projections  of  cells  can be  seen  jutting out  into 
the  medium,  and  at  their  extremities  the  typical  fusiform  cells  are  beginning 
to  stray  out  individually  into  the  medium.  This  process  of  migration  is  seen 
to  be  specially  active  at  the  projection  seen  in  the  right-hand  upper  corner  of 
the photograph, as  a  result of which a  small space has been formed  in the mem- 
brane.  The  rim  of  tissue  has  consequently  assumed  an  irregular,  serrated 
appearance,  and  the  medium  in  the  neighborhood  of  the  culture  is  beginning 
to  fill up  with  detached  fusiform  cells  that have  strayed  out,  as  can  be  clearly 
discerned in the figure. 
The above characteristics are seen still more plainly in a  three day old culture 
(B  7),  which is  shown under higher magnification in  Fig.  8.  The  edges  of  the 
membrane  project  into  the  medium  on  all  sides  in  the  form  of  sharp  tongues, 
the  cells  of  which  are  elongated  examples  of  the  spindle  form.  An  enormous 
number of  cells  have wandered  out  into  the medium,  and  consequent  upon  this 
migration  and  upon  the  advance  of  the  border  cells,  it  is, seen  that  behind the 
edge  spaces  of  varying size  are  being  formed  in  the  membrane.  These  spaces, 
however,  contain no liquid. 
Figs.  9  a  and  9  b  are  drawings  of  living  cultures  made  without  a  camera 
lucida.  They represent the process involved in the projecting out  of  the cells  at 
the edge of the membrane and their ultimate detachment and migration (page 86). 
It  is  possible  to  carry  on  for  a  prolonged  period  of  time  observations  with 
chicken plasma  cultures  in the  same  manner  as  previously  described  in  connec- 
tion with the cultures grown in a  firm medium, and furthermore to transfer them 
practically  uninjured  into  fresh media.  Cultures  kept  in  a  plasma  of  semi-firm 
consistency maintain permanently the  characteristics  described  above,  in  contra- 
distinction  to  those  maintained  in  a  firm  medium,  in  which  the  cell  membrane 
is  permanently  compact  and  the  form  of  the  cells  unvaryingly  polygonal,  while 
the  latter  usually  refrain  from  wandering  off  into  the  medium.  "Culture  B  78 
was  observed  for  a  period  of  twenty-two  days.  Not  until the  sixth  day  had  a 
fairly large  rim of epithelium  formed;  later,  however,  it became greatly  reduced 
in dimensions, owing in part to considerable cell migration,  and in part to  losses 
incidental to  change  of  medium.  After  fourteen  days,  as  a  result  of  this,  only 
a  small  rim  of  cells  remained,  and  some  of  the  peripheral  cells  had  become 
spherical  in  form,  owing  to  insufficient  nourishment,  a  circumstance  which  is 
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recovered,  and began to  form  a  new thin membrane,  the edges  of  which showed 
the usual sharp indentations, and consisted of greatly elongated cells.  Two  sub- 
sequent  transfers  again  occasioned  a  reduction  of  the  membrane,  and  this  was 
followed  by  renewed  active  growth  of  the  fusiform  cells  accompanied  by  the 
usual migration of  cells.  The  same  process  was  repeated  after  another  change 
of  medium,  at  which  stage  the  culture  was  photographed.  Fig.  IO  represents 
Culture B  78 twenty-one days after explantation.  The central parts of the mem- 
brane  consist  chiefly  of  polygonal  cells;  the  edges,  however,  show  sharp  and 
multiform  indentations,  and  their  cells,  even  those  remote  from  the  edge,  are 
spindle-shaped.  Cell  migration can  likewise  be  clearly seen. 
After  twenty-two  days  Culture  B  78  was  fixed  and  stained  with  Giemsa,  in 
which condition it appears in Fig.  n.  The membrane of  cells is seen to be even 
more  loosened  up  than  on  the  preceding  day,  and  long  tissue  processes,  con- 
sisting  of  elongated  spindle-shaped  cells,  are  seen  to  project  into  the  medium. 
The migration of cells has assumed exceptionally large proportions ; the detached 
cells  are  for  the most part  fusiform in  shape,  but some  are  round. 
Fig.  I2  shows  individual  spindle-shaped  cells,  drawn  under  a  high  magnifi- 
cation.  In  Fig.  12  a  we  see the transformation of  typical polygonal cells  of  the 
membrane  into  fnsiform  cells.  Figs.  12  b  and  c  represent  typical  examples 
of  the isolated  fusiform cells. 
Experiments with a Soft Medium.--The phenomena which we have observed 
in  the  medium  of  seml-firm  consistency  occupy  a  position  midway  between 
those occurring  in  the  firm  and  in  the  soft media.  We  shall now  consider  the 
latter.  A  soft  medium  is  obtained  by  employing  a  pure  frog  medium  (F.P1. 
+  F.E.).  It  is  impossible  to  cut  out  little  square  blocks  of  this  medium;  on 
the  contrary,  these  blocks  invariably  assume  a  spherical  form,  irrespective  of 
the shape in which they have been cut out, and they furthermore have a  tendency 
to  adhere  to  the knife.  Soft  media  can  be  drawn  out  in  threads  (isolation  of 
the fibrin) ; th@ contain much liquid which is accumulated in the minute vacuoles 
in the network  formed by the fibrin.  These media  rapidly succumb to  complete 
liquefaction,  whereupon  a  number  of  particular  phenomena  take  place,  which 
we must consider  in connection with the rest,  as  they usually occur coincidently. 
Fig.  13 was  photographed  from  a  living culture  (B  Ii9) ,  about twenty hours 
after explantation of the fragment.  We are unable to determine whether in this 
culture  a  " secondary  epithelial  rim,"  as  we  termed  in  our  first  communication 
the  compact  rim  of  epithelium,  preceded  the  loosening  up  stage,  illustrated  in 
this  figure,  as  the  former  process  may  have  developed  over  night.  Neverthe- 
less, in cultures  consisting exclusively of  frog medium the cells  frequently begin 
to leave the fragment immediately in the  form of  a  star-shaped membrane, with 
very ill defined edges;  for these pure  frog media usually become  soft very soon, 
sometimes  from  the  very  outset.  Fig.  13  gives  a  good  impression  of  the  con- 
dition of the celt membrane in a  soft medium.  Almost the entire rim of  epithe- 
lium is drawn out in the form of  long chains of cells and bands of tissue.  Even 
the compact parts  of  the tissue membrane  consist exclusively of  elongated  cells. 
On  all  sides  large  spaces  are  seen  in  the tissue  membrane,  lined by highly deli- 
cate,  thread-like  cells.  These  spaces  contain  no  liquid,  but  soft  medium.  The 
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of  active  movement,  as  can  also  clearly  be  seen  in  living  cultures  under  the 
microscope.  The  chief  characteristic of  this particular  culture  is  the  enormous 
migration  of  cells.  The  entire  drop  of  plasma  is  filled  with  wandering  cells, 
which  are  partly  fusiform  in  shape,  partly  round.  In  this  culture  whole  frag- 
ments  of  tissue strayed  out into the plasma.  We  were able to  certify that they 
moved  in  a  soft,  not  liquid  substrate,  by  shaking  the  culture,  a  test  invariably 
applied by us;  for  fragments  floating in a  liquid move  {tom  side  to  side,  which 
did not occur in this case. 
Fig.  14 shows  Culture  B  121  (stained with Giemsa),  six  days  old,  which  was 
kept under  parallel  observation  with  the  above  mentioned  Culture  B  II9  (Fig. 
13).  The  culture  was  started  on  Dec.  15,  and  on  Dec.  16  already  possessed  a 
fairly  extensive  star-shaped  membrane  of  tissue,  which  projected  out  into  the 
medium  in  long  tissue  processes,  as  is  the  rule  in  a  soft  frog  medium  culture. 
On  Dec.  17 the medium was  renewed,  and on Dec.  19 the membrane of  cells had 
attained  considerable  proportions.  It  was  characterized  by extremely  long  pro- 
jections of tissue,  as  well as by bridges of thread-like columnar cells,  and excep- 
tionally active cell migration.  The medium  was  renewed  the  same  day,  and  on 
Dec.  21,  six  days  after  explantation,  the  culture  was  fixed,  stained,  and  photo- 
graphed  (Fig.  14).  The  same  characteristics  can  be  noted  as  in  Fig.  13,  but 
more  strongly emphasized. 
Fig.  15 is  a  four  day old culture  in a  pure  frog medium  photographed  while 
living  (]3  117).  The  medium  has  partly  liquefied  and  the  resulting  liquid  has 
collected first of  all in the holes in the tissue membrane caused  by the migration 
of  the  peripheral  cells.  In  such  cases  we  are  unable  to  decide  whether  these 
holes  are  primarily  formed  through  the  wandering  out  of  the  cells,  as  occurs 
in  non-liquid  cultures,  or  whether  the membrane  becomes  torn  by  the  vacuoles 
of  liquefaction  which  are  in  process  of  being  formed.  The  vacuoles,  which  at 
first are  small,  soon increase in  size,  the bridges of  cells which separate  them  at 
the  same  time  becoming  thinner  and  thinner  until  at  length  they  break  away. 
By this means  one or more larger vacuoles are  formed,  which  in  turn  force  the 
remaining part of  the tissue to give way  at the  sides.  Finally the  cells  are  left 
in  the  form  of  a  narrow  wreath  of  cells  encircling the  large  vacuole.  In  Fig. 
15  can  be  seen  the  delicate,  thread-like  columnar  cells  which  connect  the  ring 
of  cells  with  the  old  fragment.  At  one  place  in  this culture  a  single  fragment 
of  compact,  but  very  thin  tissue  membrane  yet  remains;  here  the  plasma  had 
remained  very  firm,  so  much  so  that  it  was  possible  to  cut  out  a  block  con- 
taining the membrane and transfer it into a  new medium. 
At this point it may be well to  consider the behavior of  the uppermost  layers 
of  epithelial  cells.  In  Culture  B  117  the  same  have  become  disconnected  and 
are  seen to  lie  over  the  old  fragment  and  over  a  part  of  the  cell  membrane  in 
the  form  of  a  thin  membrane  (Fig.  15)  which  possesses  sharply  defined  edges 
while  its  cells  have  remained  inactive.  This  phenomenon  will  be  discussed  in 
detail in a  subsequent communication. 
Cultures  which  are  preserved  in  a  pure  frog  medium,  or  in  soft  or  liquid 
media  generally,  can  only  in  rare  cases,  favored  by  every  precaution,  be  main- 
tained  for any length of time as actively growing tissue membranes; usually the 
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original membrane  of  cells.  But  it  occasionally  happens  that  a  portion  of  the 
epithelium,  instead of  migrating,  grows  around the connective tissue  either par- 
tially or  completely,  thus  retaining its  epithelial character.  This particular  phe- 
nomenon,  however,  which  we  have mentioned  elsewhere  (I),  does  not  concern 
us here,  and will be. reserved  for  future  consideration.  It behooves  us,  rather, 
to  follow  the  fate  of  certain  cultures  which  when  cultivated  in  a  soft  frog 
medium  retained  their  membrane  in  a  growing  condition  for  a  considerable 
length of time. 
Culture  B  77 was  started on Nov.  28,  and the tissue membrane took  a  fairly 
long time to  develop.  The  records  fail  to  show  clearly at  what  time  this  took 
place.  On  Dec.  13,  fifteen  days  after  explantation,  the  membrane  of  cells  still 
showed  signs of  growth  at its  edge,  and was  transferred on  Dec.  14 to  the new 
medium in an incomplete condition.  On the following day,  however,  there were 
signs  of  renewed growth.  On the same day the culture was  again supplied  with 
medium,  and  on  Dec.  16  fresh  growth  of  spindle-shaped  cells  was  noted.  At 
this stage the culture was photographed  (Fig.  I6),  eighteen days  after explanta- 
tion.  The  cell  membrane  is  seen  to  be  exceedingly  delicate  and  much  thinner 
than  that  of  a  twenty-one  day  old  culture  grown  in  a  medium  of  semi-firm 
consistency  (Fig.  IO).  The  tissue  protuberances  are  much  longer  and  nar- 
rower,  and  some  of  the  cells  are  as  fine as  threads.  The  migration  of  cells  is 
very active. 
Similar  conditions obtained  in the  case of  Culture  B  81,  which  was  likewise 
started on Nov. 28 in pure frog medium.  By Dec. 2  a  narrow rim of epithelium 
with long protuberances and columns of  thread-like cells had  formed.  On  Dec. 
13,  one  day  after the medium  had been  changed  for  the  eighth time,  long  fusi- 
form  cells  still projected  from  the rim  of  membrane,  and on  Dec.  I4 the mem- 
brane had again greatly increased in  size.  On  Dec.  I6,  after two  more  changes 
of  medium,  the  rim  of  tissue  was  still  growing  and  projecting  long  processes 
into  the  medium.  By  Dec.  19  the  entire  membrane  had  become  |oosened  up 
and  an  enormous  number  of  bipolar  fusiform  and  round  cells  could  be  seen 
in  the plasma  which  had  partially  liquefied.  The  cells  had  strayed  to  the  very 
limits  of  the  drop  of  plasma.  Fig.  17  shows  the  living  culture  photographed 
on  the  same  day  (twenty-one  days  after  explantation).  The  spherical  zone  of 
liquefaction  can  be  plainly  seen,  containing  innumerable  fusiform  and  round 
cells. 
The  behavior described  above of  the membranes  of  cells  in  connection with 
the  old  tissue  fragment,  is  likewise  characteristic  Of  individual,  isolated  frag- 
ments  of  membrane  when  grown  in  daughter  cultures.  Fig.  18  shows  an  iso- 
lated  fragment of membrane  (Culture  B  IOO a)  in  a  firm medium  (F.P1. +  F.E. 
-~-Ch.P1. +  Ch.E.),  and  Fig.  19  represents  a  fragment  of  a  tissue  membrane 
(Culture  B  119  a)  in  a  soft  medium  (F.PI.+F.E.).  The  former  was  taken 
from  Culture  IOO, the  latter  from  Culture  1I 9.  Culture  B  IOO  a  produced  two 
days  after  isolation  a  fairly  thick  membrane,  consisting  of  polygonal  cells, 
whereas  in  Culture  B  119  a  twenty hours  after isolation the  elongated  fusiform 
cells  had  formed  a  connective  tissue-like  network  of  cells.  The  thread-like 
columnar cells had developed  exceptionally well in this culture,  and can be  seen 
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At this stage it might be asked whether  the above mentioned vari- 
ations which we have ascribed to differences in the consistency of the 
medium,  should  not  rather  be attributed  to  the  chemical differences 
prevailing in the  three  kinds  of  medium,  in  view  of  the  fact  that  a 
firm  consistency  was  secured  by  the  addition  to  the  pure  frog 
medium  of  chicken  plasma  and  chicken  embryonic  extract,  which 
thus at the same time enriched the culture by the addition of the spe- 
cific chemical materials characteristic of the body juices of a  foreign 
species. 
The  extended period of growth  of the said cultures is a  sufficient indication 
that  these  foreign  substances  exert  no  injurious  effect  on  them.  For  reasons 
not yet known it occasionally occurs that in spite of the addition of these foreign 
substances, the medium yet fails to solidify but remains soft,  and in such cases 
the  form  of the membrane and cells is seen to be identical with those observed 
in  a  pure  frog  medium.  On  the  other  hand,  it  occasionally happens  that  a 
pure frog medium or one to which chicken plasma alone has been added, remains 
unusually firm; the result in  such  cases will be the  formation of great compact 
rims  of  tissue  and  polygonal cells,  such  as  are  usually seen  only in  a  culture 
composed  of  F.P1. -4- F.E. @ Ch.P1. @ Ch.E.  The  following  illustrations  prove 
this point.  Fig. 20  shows  a  culture which  was  kept  for  about twenty hours  in 
a pure frog medium.  The rim of tissue is uncommonly thick and consists chiefly 
of  polygonal cells;  only  in  the  left-hand  top  corner  have  the  cells  begun  to 
assume  a  spindle form.  Fig.  21  is  a  two  day old  culture  (B  13),  which  was 
kept in a mixture of F.P1. -]- F.E. -]- Ch.PI.  In this case the medium was excep- 
tionally firm,  the  epithelium  as  a  result  thereof  exceedingly compact,  and  the 
cells polygonal in shape.  Fig. 22, on the other hand,  shows culture B  lOO which 
was  grown  in  a  mixture  of  F.PI.@ F.E. q-Ch.Pl.-~ Ch.E.,  and  which  for  a 
period of  ten  days possessed an  exceedingly compact  rim  of  tissue,  consisting 
of polygonal cells.  Here  cell migration  failed to occur.  On  the  tenth  day the 
culture was  transferred  into  a  new  medium,  which  in  spite of being composed 
of the customary mixture failed to coagulate entirely.  The membrane thereupon 
immediately assumed  the  form  characteristic of  one  grown  in  a  semi-firm me- 
dium;  viz., in  a  combination  of  F.P1. +  F.E. +  Ch.PI.  At  the  same  time  the 
cells became fusiform in  shape and began to migrate. 
Consistency  of  the  Medium  and  Form  of  the  Cells. 
\Ve have  shown  that  the  shape  of the  cells is dependent  upon  the 
consistency of the surrounding  medium.  We  have  also shown  that 
the  fusiform  and  thread-like epithelial cells of  the  connective  tissue 
type,  described  in  a  former  publication  (I),  arise  only  in  media 
of a  semi-firm or soft consistency, whereas  epithelial cells grown  in 
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may be considered as a  distinct advance, as they furnish informa- 
tion regarding the causes governing the shape of the cells.  Never- 
theless,  we can not yet arrive at  a  complete understanding of this 
important  morphological  phenomenon,  for  we  are  confronted  by 
the question as to  how and why the shape  of the cells is  affected 
by  change  in  the  consistency  of  the  medium.  Neither  our  own 
experiments nor those of others at present offer a  satisfactory ex- 
planation;  but it is important definitely to realize along what lines 
among the knowledge and  facts  at  our disposal  we should  search 
for a  solution of the problem. 
Our  point of  departure  is  a  two-fold phenomenon: first  the  in- 
creased cell migration in a  soft medium; and second the difference 
in the shape of the cells consequent upon the varying firmness of the 
medium. 
Burrows  was  the first  to  consider  in  an  exhaustive  manner  the  effect of  the 
dilution of plasma  on the growth  of tissue.  He found  that  the cells move more 
rapidly  and  actively  in  plasma  which  has  been  diluted  with  tissue  juices  than 
in  undiluted  plasma,  and  he  attributes  this  fact  chiefly to  the  reduction  in  the 
fibrin  content  of  the  medium,  consequent  upon  thisdilution  (,3),  and  secondly, 
to  the reduced  density of  the medium  (4).  From  his  demonstrations,  however, 
we  fail  to  learn  that  by  diluting  the  plasma  the  fibrin  content  was  diminished, 
for,  according to  Burrows,  upon  pressing  out  the  liquid  portion  of  the  medium 
a  firm block  of  fibrin  again  remained,  which  although  reduced  in  thickness  had 
nevertheless  preserved  its  consistency. 
Be that as it may, the problem of a  reduction in  the conten~t of 
fibrin is not involved in our method, for in the media which contained 
relatively the largest quantity of fibrin  (F.P1. +  F.E. +  Ch.P1.)  the 
migration of cells was considerable, whereas in the media which con- 
tained less fibrin but more muscle extract (F.P1. +  F.E. q- Ch.P1.  + 
Ch.E.)  no  migration  whatever  took  place.  As  a  matter  of  fact 
the relation between the cell migration and fibrin content was exactly 
the reverse from what would have been expected according to  Bur- 
rows.  With  respect  to  density,  however,  our findings  agree  with 
those of Burrows.  The maximum density coincides with a complete 
lack of isolated migrating cells, whereas in a pure frog medium, i. e., 
one possessing a  minimum density, the cells become detached from 
the  tissue  membrane and  stray  out  into  the  medium in  enormous 
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The  form  of  the  cells  is closely connected with  their  movement; 
both phenomena originate from the same cause.  By careful investi- 
gation of  the  above  facts  it will remain evident that  neither can be 
ascribed to "activity"  on the part of the cells, but are purely passive 
phenomena.  The  cell is  impelled to  move,  and it  receives  its  form 
by the same processes which necessitate movement, for which reason 
these two phenomena must be studied in combination. 
We  shall consider the  various  forms  of  cells  in succession,  beginning with 
the fusiform cells at the phase of their evolution from the polygonal type.  This 
can be  done without difficulty  by selecting specimens whose  medium is  under- 
going a  change from the firm to  the soft stage.  Here we at once remark that 
the spindle-shaped cells  are  invariably formed  from  the border cells  which  are 
surrounded on three sides  by the soft medium; they never arise from the poly- 
hedral cells situated in the more central parts of the membrane where the latter 
is three to four layers thick.  The border cells, as well as all the other cells con- 
stituting the  membrane,  possess  a  clearly  differentiated  ecto-  and  endoplasm. 
The latter is relatively dense and foamy in structure, containing vacuoles,  granu- 
lations, and  the  nucleus.  The  ectoplasm,  on the  other  hand,  is  homogeneous, 
and  only  plainly visible  when  the  light  in  the  microscope  is  partly  shut  off 
(Figs. 9 and 9 a).  The above facts can be clearly distinguished in preparations 
in  toto, which have been fi:ced with formol and stained with Giemsa  (Fig.  12). 
The transition from the polygonal to the fusiform shape of the cells is a gradual 
process.  First of  all the  ectoplasm projects  from  the  edge  of  the  membrane 
into  the  medium in the  form  of  one or  more  exceedingly delicate  but  broad 
processes.  This results at first in the cell's assuming a flask-shaped form  (Fig. 
9 a  Ia), and moving out into the medium.  Many of  the cells,  however,  do  not 
become  immediately  disconnected  upon  starting  this  movement, .but  remain 
attached on one side to  several of  the back-lying cells  of the membrane, which 
often results in the posterior end of the projecting cell becoming long drawn out 
(Fig.  12  a,  Fig. 9  b  Ia).  As  soon  as  this  connection is  severed  the  posterior 
side of the cell  usually contracts immediately, sometimes also  the  anterior end 
(Fig. 9 a  III, 9 b  IIa),  after  which the  ectoplasm gradually disperses  into the 
medium again from the anterior end of the cell, the posterior end again becom- 
ing drawn out into a long projection (Fig. 9 a IV and Fig. 9 b IIIa).  By means 
of these processes  uni-, hi-, and tripolar fusiform cells are formed.  This migra- 
tion of  the  peripheral  cells  causes  the  cells  situated  nearer  the  center  of  the 
membrane to be brought into contact with the medium, whereupon they undergo 
the same changes as the cells which first migrated.  From the circumstance that 
the migrating cells  fail to  become  dissociated immediately from  the  remaining 
cells  of  the membrane the  latter  similarly become  drawn out,  and thus  chains 
or triangular processes  are formed composed  of  elongated cells. 
If we base our conclusions on the  fact that the dispersion of the 
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movements of the polyhedral cells, occurs only in comparatively soft, 
but never in firm media,  the  fact is  thus primarily established that 
the consistency of the medium is highly instrumental in causing these 
phenomena.  Thus,  there must exist a  definite relation between the 
consistency of the medium and the consistency of the cytoplasm in 
order that the movement of the cells may be initiated.  Additional 
light is thrown on this problem by a consideration of the observations 
which led Burrows to the formulation of his well thought out theory 
of cellular movement; for our own experiments fail to account for 
the dissociation  from the tissue of the first migrating cells and the 
subsequent temporary contraction of their posterior  end. 
Burrows  has  proved  that  the  mechanical  laws  underlying  the  movements  of 
the cell are identical with Jacques  Loeb's tropisms.  According to Burrows,  cells 
which  are surrounded  by a  medium  containing a  uniform  distribution  of metab- 
olic products  are  invariably  spherical  in  shape  in  consequence  of  uniform  con- 
traction  of  the  cytoplasm  on  all  sides  of  the  periphery  of  the  cell.  A  culture, 
however,  which  has  been  freshly  supplied  with  medium,  does  not  possess  this 
uniform distribution  of metabolic products,  for these are  found  in greatest  con- 
centration  in  the proximity of  the  original  fragment,  and  in  least  concentration 
near the edge of the drop  of medium.  Thus,  only the posterior  end  of the cell, 
viz.,  that  adjoining  the  old  fragment  of  tissue,  will  become  contracted.  By 
means  of repeated  contraction  of the posterior end and  flowing out of  the ante- 
rior end  the cell is induced to move away from the old fragment. 
This brilliant theory which is based on a series of painstaking ob- 
servations lacks, however, one point; it fails to explain the extension 
of the anterior end of the  cell.  Our  observations,  therefore, here 
serve as a supplement to those of Burrows and are as  follows: The 
cell plasma in flowing out simply obeys the law of gravity, and this 
movement is initiated at the moment when the relation between the 
consistency of the  medium and  the  consistency of  the  cell  plasma 
has attained a  certain value, not yet ascertained, brought  about ~by 
the reduction of the firmness of the medium. 
This explanation likewise accounts for the shape of the fusiform 
cells; that is,  of the unipolar ones.  But even the bipolar  form as- 
sumed by the  migrating  cells  might  be  explained  thus.  We  have 
seen that  the peripheral cells,  the  free ends of  which flow out into 
the medium, remain connected with the back-lying cells for some time 
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place.  Later  this  connection  is  severed  and  the  posterior  end  of 
the cell again becomes first contracted and then  elongated.  It may 
safely be assumed that  the part that  was in the first instance played 
by one  of  the  cells  of  the  inner  rows  is  now  assumed  by a  fibrin- 
thread or by other fragments of tissue lying in the medimn, to which 
the  posterior  end of  the  cell  adheres.  Thus,  contraction  can  only 
take place at the moment that  the tension,  which  is threatening  the 
rupture  of  the  progressively  thinner  posterior  end,  has  attained  a 
certain  maximum,  and  is  added  to  the  contracting  force  resulting 
from the products of metabolism.  The cell will, therefore,  be com- 
pelled  to  continue  its  advance,  assmning  at  times  a  bipe!ar  and  at 
times a unipolar  form. 
From the above it is primarily evident that an isolated cell must be 
invariably accompanied by the occurrence of the fusiform shape, un.- 
less the conditions become changed in such a way as to cause the cell 
to  become  round  instead  (page  89).  As  the  isolation  of  cells  is 
possible only in  relatively  soft media  (in  accordance  with  the  law 
of  gravitation),  we are  unable  to  find examples  of  fusif,orm  cells 
occurring  in  firm  media.  It  is  easy to  account  for the  polyhedral 
form of the cells in a firm medium which are united to form a mem- 
brane  and  which,  as  in the case  of ,the  flattened  form  assumed, by 
the cells attached to a  firm base, must be a  result of surface tension. 
If in addition the cells are made to adhere to a firm base they become 
flat instead of polygonal in shape.  For this reason ,the cells situated 
over the connective tissue of the explanted fragmen~t  are always flat, 
whereas the cells which are distributed on all sides in the form of a 
compact  membrane  and  are  uniformly  surrounded  by  the  firm 
medium, take on a polygonal shape, even if ,they were originally flat, 
as  happens  in  the  case of  the  cells  of  the  middle  epithelial  layers. 
The  cell retains  this  polyhedral shape  until  the firmness  of the me- 
dium  is  reduced  to the  point  at  which  it  is  possible  for  the  border 
cells to flow ou,  t. 
Thus  we see tha't  the  ceils'  adoption  of the  polyhedral  and  fusi- 
form shapes is not an active process, and not confined to a  definite 
class of cells;  for the epithelial cells can also become passively fusi- 
form,  in which  condition it  is  hard  ¢o  distinguish  them  from  con- 
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cells are likewise passively transformed epithelial cells; this change 
can  at  any  time  be  observed  in  living  cultures.  They  originate 
through tension  from the polyhedral cells and  are  always  seen  to 
occur at places where the membrane has become torn and holes are 
formed in the tissue membrane.  This, however, only occurs in semi- 
firm  and  soft  media.  In  both  media the  peripheral  cells  wander 
more rapidly than the other cells, because a  greater portion of their 
surface is  in contact with the medium.  By this means continuous 
tension is exerted on the central parts of the membrane, and the outer 
parts  are  thus  gradually  disconnected  from  the  inner.  The  cells 
which are  slow  in  giving up  their  connection become exceedingly 
drawn out before breaking off, as occurs in the case of the posterior 
end of the fusiform cells, and they thus bridge over the holes which 
have been formed.  To this must be added in soft media the forma- 
tion of vacuoles, by which the same result is effected. 
We must now endeavor to account for the form of the round cells, 
of  which  mention  has  repeatedly  been  made.  Round  cells  are 
found in all the media employed.  The liquid medium contains them 
to the exclusion of all other forms  (Fig.  i7)  whereas they are but 
rarely  found in  a  firm medium and  only under special  conditions. 
In media which have liquefied but a  few hours after the preparation 
of the culture, membrane formation never occurs, but  all the cells 
rapidly become converted to  the round type,  and the entire rim of 
cells,  even if  when originally cultivated  in  a  firm medium it  con- 
sisted of a membrane of tissue, is then seen to be composed of loose 
round cells, irrespective of the frequency of the change of medium. 
In many cases the fusiform cells, after wandering about  for a  long 
time in an isolated state,  become surrounded with a  zone of liquid 
and then likewise become round in shape. 
The round cells  (Fig. 23)  are distinguished from the other vari- 
eties by the fact that their cytoplasm almost always assumes a purple 
color in cultures stained with Giemsa, which suggests a difference in 
the chemical constitution of the round cell.  Many of them possess 
a  normal nucleus, some a  pycnotic one  (Fig.  23  a),  and others no 
nucleus at all.  Even cultures which have undergone complete loos- 
ening up and are surrounded by a fluid medium are still seen to con- 
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cell seen in Fig.  e 3 c originated  in a  culture  (B 8i)  which  had  un~ 
dergone complete loosening up  (Fig.  I7). 
It is seen that  the round cells are yet alive from the circumstance 
that  many of them  resume the  fusiform  shape  as  soon  as  they are 
placed in an appropriate  medium.  This  was seen to occur in living 
cultures  observed under the above conditions.  Moreover,  it  is  also 
possible in living cultures to witness the conversion of fusiform into 
round cells.  Fig. 24 shows a cell of a twenty-two day old culture in 
the process of transformation  from the fusiform to the round shape ; 
it is moving around  in  the medium.  Here a  dark,  yellowish endo- 
plasm,  filled  with  vacuoles  and  granula,tions,  can  be  distinguished 
from a light, homogeneous ectoplasm.  The latter is in constant wave- 
like motion.  The changes in shape are continuous and very rapid in 
comparison  with  those  of  the  fusiform  cells.  This  particular  cell 
wandered about in every direction,  alternately approaching and leav- 
ing the fragmen~t,  but never continuing for long in ,the same direction. 
Burrows  found  that  the  cells  assumed  a  round  form  when  they 
were  placed  into  a  medium  containing  evenly  distributed  products 
of metabolism.  Nevertheless,  the  facts appear  to  us to  argue  that 
in addition to the chemical constitution of the medium account ~hould 
also be taken of the consistency of the latter,  in view of the fact that 
in liquid media round cells only were seen, and that the spindle-shaped 
cells  in  the  non-liquid  media  always  become  spherical  when  sur- 
rounded by a small quantity of liquid.  It may be suggested that the 
relation  between the  chemical  constitution  of  the  medium  and  that 
of the  plasma  on  the  one  hand,  and  the  relation  between  the  con- 
sistency  of  the  medium  and  that  of  the  plasma  on  the  other 
hand  are  also  instrumental  in  determining  the  form  of  the 
cell.  The  point  whether  the  round  cells  are  normal  or  degenerate 
must  depend  on  the  length  of  time  that  they  have  ceased 
movement.  Round  cells  which  have  been  stationary  for  a  long 
period  of  time  doubtless  degenerate  as  a  result  of  the  progres- 
sively deteriorating  quality  of  the  surrounding  medium  consequent 
upon metabolism.  These are the round cells in which the nucleus  is 
either pycnotic or entirely absent.  At all events,  it would be erro- 
neous to designate  the  round  cell per se as a  degenerate  form. 
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active manifestation on the part of the cell, nor even connected with 
the cellular functions or with the origin of the cell  (connective tissue 
or epithelium).  The  form of the cell is  in no way connected with 
the  morphologic  character  possessed  by  it  while  in  the  organism, 
which it introduces into the culture; on the contrary, the flatly polyg- 
onal epithelial cell can be made to assume a polyhedral, fusiform, or 
round shape, if the relation between the chemical constitution and the 
consistency of the medium on the  one hand,  and  of the cell plasma 
on  the  other,  be  varied  accordingly.  Certain  forms,  such  as  the 
thread-like  form  of the  columnar  cells and  of ,the  posterior  end  of 
the  bipolar  spindle-shaped  cells,  are  produced  directly  through 
tension. 
We wish to mention  that  the method used by us possesses many 
disadvantages,  which,  however, we intend to rectify in our later ex- 
periments.  It  is  above all  necessary to  utilize  a  medium  which  is 
either less exposed to a  spontaneous variation  of its consistency, or 
one at least in which this  factor can be strictly  controlled.  In  our 
subsequent investigations we shall endeavor to utilize media, the con- 
sistency and firmness of which may be accurately expressed in math- 
ematical  terms.  Owing to the  fact that  our  investigations  bearing 
on this point are not yet sufficiently advanced,  they can not here be 
taken  into  consideration. 
Form and Function of the Cells. 
If in our work with cultures we are able to observe how through 
external agents a change of form is imposed upon the epithelial cells, 
rendering  them very similar  to  the  connective  tissue  cells,  it  is but 
reasonable that these observations should be borne in mind when we 
return to an examination of the cells in the organism itself. 
Hitherto  the relations  existing  in the  organism have not been in- 
vestigated from this point of view; on the contrary, the study of the 
shape of cells and organs  has been conducted from a  standpoint  ac- 
cording  to  which  they  are  considered  as  an  expression  of  cellular 
activity and  as  a  consequence of cellular  function.  Moreover,  the 
study of these relations  in the  organism  itself,  with  exact methods 
subject to the control of the observer, is a problem much more diffi- 
cult to compass. 92  Epithelial  Cells  in  Cultures  of  Frog  Skin. 
Nevertheless, we believe that by observations allied to those above 
described we shall be led to a  clearer understanding  of the morpho- 
logical character of the cell than  is possible by the adoption of other 
methods which proceed from the theory of functional adaptation. 
The  phenomena  observed  in  the  cultures  likewise  obtain  in  the 
epithelia  in  the organism.  For example,  frog skin  epithelium  con- 
sists of a  basal layer of cuboidal cells and of several layers of flatly 
polygonal cells.  The situation of the former is similar to that of our 
polyhedral membrane cells; they are enclosed between two compara- 
tively firm media, the connective tissue and the more or less tense flat 
epithelial  cells.  It  is,  therefore,  not  surprising  that  they possess  a 
similar  form.  It may be that the remaining  flat cells of the epithe- 
lium owe their form to the tension there prevailing, a condition which 
can  not  be  similarly  produced  in  the  cultures  by  artificial  means.. 
The fiat cells of the cultures always originate at places where the cells 
lie between two media of different firmness;  in such cases .they ap- 
pear to be pressed flat to the firmer  of the two media by means  of 
adhesive  forces.  Flat  cells of this  type either  adhere  to  the  cover- 
glass  (Harrison, Lambert, etc.), or, as observed in our own cultures, 
to the connective tissue.  All the cells which remain  attached  to the 
connective tissue become flatly polygonal in shape.  Nevertheless, in 
the organism  cases are also seen to occur in which the epithelium  is 
not  under  tension on all sides,  but where the  cells  stray  out  freely 
while adhering  to the connective tissue-like base.  In such  cases all 
the epithelial  cells become flat in  form,  including  those which  were 
previously  cuboidal  in  shape.  This  condition  is  always  found  in 
regenerating  epithelial  wounds  (5).  Here  many  epithelial  cells 
also assume a  spindle  form,  as they wander  out  from the edges of 
the  wound into the wound scab, where they find similar  conditions 
to  those prevailing  in  the  plasma  medium.  An  abundant  exudate 
in the  wound,  containing  serum and  fibrin, may furnish  a  medium 
more  or  less  soft  and  conducing  to  this  change.  Leo  Loeb  (6) 
observed such  spindle-shaped  epithelial  cells in  the  skin  in  process 
of  regeneration  in  rabbits  and  guinea  pigs. 
The  significance of these observations is  apparent when they are  compared 
with Cbampy's interpretation  of his  important observations made in connection 
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cultivated  in  blood  plasma  undergo  certain  changes  which  he  calls  "dediffer- 
entiation."  In  cultures  of  the  kidney,  submaxillary,  parotis,  and  thyroid  from 
the  fetal  rabbit  the  cells  of  the  glandular  tubes  soon  begin  to  multiply  actively 
through  mitotic  division.  The  minute  canals  sprouting  from  the  cut  tubules  at 
first retain  their epithelial character,  but they immediately forfeit their  character 
of gland  cells.  Finally,  the basal membrane  of  these  canals bursts  and  the  epi- 
thelial cells mingle with the connective tissue  cells of  the interstitial  tissue.  At 
this  stage  they  also  lose  their  epithelial  character  and  in  conjunction  with  the 
connective tissue  cells form  a  new tissue  which  is  completely indefinite in char- 
acter.  Moreover,  the  interesting  point  in  this  connection  is  the  fact  that  the 
indefinite tissue produced by all four organs  is  identical. 
Such  a  process  of  " dedifferentiation,"  however,  occurs  only  in  organisms 
the  cells of  which  undergo  mitotic  division.  Therefore,  it  fails  to  occur  in  the 
organs  of adult  animals,  which remain  inactive outside of  the organism.  In the 
case  of  explants  of  cartilage,  however,  although  mitotic  division  occurs,  dedif- 
ferentiation  fails to take place.  The cells simply revert to a  primitive condition, 
while at the same time they remain  differentiated as  cartilage  cells. 
Thus we find, as Charnpy himself realized, Chat for the "preserva- 
tion  of  functional structure"  function itself  is  by no means  indis- 
pensable.  For there are many organs the cells of which,  failing to 
undergo mitotic division, preserve their so called "  functional differ- 
entiation" when explanted.  In this category we must include above 
all certain adult organs in which loss of functional structure would 
be  expected to  take place much earlier than  in  embryonal organs; 
that  is,  if  the  declarations  of  those  who  support  the  theory 
of  functional  adaptation  be  correct.  2  The  cartilage,  more- 
over,  in  spi.te  of  mitotic  division,  rema.ins  permanently  cartilage, 
although of a primitive form, and in this case no atrophy from inac- 
tivity has occurred, as would have been a necessary presupposition in 
a  case of functional adaptation.  The case under consideration is  a 
parallel of that of the transplanted salamander eyes.  In these cases 
it was shown .that although the animals were kept in  the dark and 
had had their optic nerves cut,  thus depriving the eyes of  function 
and functional stimulus, these organs nevertheless failed to lose their 
functional structure (7)-  Thus far do the theories of Champy coin- 
cide with the established  facts. 
But he next concludes that the functional structure  fails to arise in the newly 
formed  cells  owing to  the  culture's  lack  of  functional  stimulus.  He  bases  his 
Roux'  "  functional  period,"  which  is  supposed  only  to  commence  at  an 
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theory on  the  following consideration.  Before undergoing mitosis a  cell first 
discards its differentiation.  As the newly formed cells in the body are imme- 
diately subjected afresh  to  the  influence of  functional stimulus, they at  once 
resume their functional structure; but in cultures which are devoid of all func- 
tional  stimuli the  reestablishment of  the  functional structure remains absent. 
Champy sets up this hypothesis immediately  after  observing that  cartilage fails 
to dedifferentiate,  although when cultivated its cells undergo mitotic division. 
As a matter of fact the problem at issue in Champy's experiments 
must be looked for elsewhere.  If every cell when about to undergo 
division renounces its functional structure and becomes embryonal, as 
has often been observed to be the case and as Champy himself admits, 
it is evident that the cells  of the culture, even when exposed to func- 
tional stimuli, can never take on their original functional structure, 
as they continually proceed from division to division.  It is therefore 
incorrect to assert  that the absence of  functional structure  is  to be 
ascribed to absence of function.  The problematic point is rather the 
fact that the cells in the cultures never have a chance of developing. 
Were it possible  for them to do so they would simply develop  into 
their  normal,  inherited  structures,  among  which  are  included  the 
majority of characters which, according to Champy, are  functional 
structures.  That part of the structure, however, which owes nothing 
to the factor of inheritance is seen to arise passively in the cell, even 
in  the  absence  of  functional stimulus,  as  soon  as  any  forces  are 
~brought to bear upon it  (8). 
We should like  to  recall the  interesting experiments of Burrows 
in connection with heart muscle cells,  as bearing on the question of 
:the relation between development and differentiation in the cultivated 
<:ells.  These heart muscle cells  can be  artificially reduced to a  con- 
dition at  which  cell  division takes  place,  at  which stage  they also 
undergo "dedifferentiation."  If, however, the cell division is inter- 
cepted the cell is able to develop, and upon reaching the end of its de- 
velopment it begins to pulsate normally, independently of the opera- 
tion of any specific functional stimuli. 
It is, however, incomprehensible how, for instance, " lack of func- 
tion" in the culture can be designated as the cause of the difference 
existing between the cultivated and the fetal parotic cells,  in view of 
the fact that this lack of function exists in the body itself.  For at 
the embryonic stage the parotid of the rabbit has not yet begun to 
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Finally,  we  must  again  revert to  Champy's  observations  on  the 
explanted  cartilage. 
Thoma  (9)  has repeatedly attempted to replace Roux' doctrine of functional 
adaptation  by a new  theory, which he designates  as histomechanism  and histo- 
chemistry.  According to Thoma's histomechanical  laws, cartilage  can be formed 
from connective tissue only when the forces of pressure and tension have reached 
a certain maximum ; as soon as they fall below"  this degree the cartilage  is unable 
to subsist  and reverts to connective tissue. 
As has been recognized by Roux, this theory is fundamentally iden- 
tical with the theory of functional adaptation; the difference is only 
one of name, as was shown in the case of the cartilage cultures.  For 
it was seen that although the conditions of pressure prevailing in the 
plasma  cultures  differ essentially  from those  found in the body, the 
cartilage  nevertheless  continues  to  exist  as  such.  Its  cells  by no 
means  revert  to  the  connective tissue  type of  cell,  but  they  merely 
assume  a  more  primitive  character  as  a  consequence of  the  mitotic 
divisions  to  which they are  subjected.  Here,  therefore,  the  theory 
of functional stimulus is again at 4ault. 
In  conclusion  we  should  like  to  call  attention  to  another  hypo- 
thesis of recent origin, by which it is sought to explain the variations 
in the morphological characters of the cultivated cells.  We refer to 
Champy's  so  called  theory  of  "inhibition"  (Io),  a  hypothesis  no 
less obscure than that of functional adaptation. 
Champy noticed that a tissue fails to dedifferentiate  if it is explanted together 
with  another  " antagonistic"  tissue,  although  when  cultivated  alone  it  rapidly 
undergoes  dedifferentiation.  When  connective  tissue  and  epithelium  are  culti- 
vated together, the latter not only fails to dedifferentiate,  hut as in the eases of 
cicatrization  of wounds,  it  grows  around  the  connective  tissue  and  remains  a 
typical epithelium. 
This  observation  of  Champy's  is  accurate,  and  we  have  already 
reported similar findings in a  previous communication  (z).  By the 
above described process we even succeeded in obtaining minute epi- 
thelial organisms, filled with connective tissue.  But upon making an 
extensive examination of 6oo cases we discovered that this result was 
but rarely obtained, and only in cases where the connective tissue was 
considerably  firmer  than  the  surrounding  medium.  In  such  cases 
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adhesion, just as under certain conditions the cells in a  firm medium 
may be pressed on to the still firmer cover-glass.  The  fact that this 
results in their assuming  a  flat polygonal shape can certainly not be 
attributed  to  any  inhibiting  influences,  but  simply  to  the  force  by 
which they are being pressed against the base.  Moreover, the state- 
ment  that  the epithelial  cells always dedifferentiate  as soon  as  they 
wander out into the medium is incorrect,  for in firm media in which 
the  epithelial  cells  migrate  into  the  medium,  they  remain  united 
in the  form of an epithelial membrane and also preserve the typical 
form of the epithelial cell.  The fact that the cells which in the body 
were flat in shape under these circumstances also assmne a polyhedral 
form is  to be ascribed  to purely physical  influences.  Champy him- 
self has shown that  the  cells remain  united  in the  form of a  mem- 
brane;  but he believes that  these cells are not epithelial,  because the 
mitotic spindles are situated parallel  instead  of vertical to the plane 
of extension of the membrane.  This  latter  fact we have  observed 
to be correct  (Fig.  5) ; nevertheless, it would be a  mistake  to assert 
that  such  a  phenomenon  never  oacurs  in  true  epithelia,  nor  in  the 
organism  itself.  Fig.  2 5  shows the regenerating  epithelium  in  the 
tail  of a  tadpole  (Rana pipiens).  Such  a  regenerating  epithelium 
shows  many  examples  of  mitosis  in  which  the  spindle  is  parallel 
to the surface of the cutis; we have one such example in our figure. 
No  one  would  venture  to  state  that  regenerating  epithelimn  is  not 
true  epithelimn,  and  for  that  reason  we  must  consider  Champy's 
judgment to be inaccurate.  The epithelium  loses its inherent  char- 
acteristics  only  when  the  cells  are  placed  in  a  soft  or  senti-firm 
medium  (according  to our relative  nomenclature),  where the  cyto- 
plasm begins to disperse and  the cells, now fusiform in shape, begin 
to  separate,  owing  to  the  movements  which  are  being  initiated. 
Then only does it become hard to distinguish them from the ordinary 
connective tissue type of the cultures.  Thus, the above processes are 
by no means caused by the suspension of some inhibiting  influence, 
but simply through the physical changes in and around the ceil. 
The  technique  of  tissue  cultivation  permits  us  to  study  the  ele- 
mentary  parts  of  organs  (the  cells)  with  great  exactitude.  The 
more we are enabled, by means of our modern methods of technique, 
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the  theories  of  "inhibiting  influences" and  " functional stimuli." 
By means of the above experiments in  which we have shown that 
the form of the cell is dependent on the relation existing between the 
consistency of the medium and that of the cell plasma, we believe  to 
have added some small contribution toward the attainment of  this 
end.  Changes in  the  consistency of these two substances,  such as 
can be introduced into the culture by means of chemical procedures, 
result in a variation in the shape of the cell.  Two additional factors 
of importance are, moreover, surface tension and adhesion, as was 
earlier shown by other  investigators.  But  the  effect produced by 
these latter must similarly depend upon the relative consistency of 
the medium and of the cell plasma.  The next point of importance 
will be to establish the mathematical values of this relation, as ap- 
plied to the various  forms of cell.  It is  our intention to consider 
this aspect of the problem in subsequent investigations. 
SUMMARY. 
I.  Fragments of skin from the leopard frog (Ranct pipiens)  were 
cultivated  in  media  of  varying  consistency.  A  mixture  of  frog 
plasma,  frog muscle extract,  chicken plasma,  and  chicken embryo 
extract usually produced a  very firm medium; a  mixture of  frog 
plasma, frog muscle extract, and chicken plasma, one less firm (semi- 
firm);  and  a  mixture of  frog plasma  and  frog muscle  extract  a 
medium of a consistency varying from soft to liquid. 
2.  (a) In a firm medium the cells which migrate into the medium 
are polyhedral  (polygonal when seen from above)  in  form, which 
shape they retain permanently.  They remain united in a  compact 
membrane, the central parts  of which consist of several  (three to 
four)  layers of cells.  Migration of isola.ted cells into the medium 
does not take place. 
(b)  In the semi-firm media the cells situated at the edge of the 
membrane become fusiform in shapel gradually detach themselves 
from the membrane, and stray out  individually into the  medium. 
This causes the membrane to become loose in character, and to con- 
tain holes, while its edges at the same time become very irregular and 
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(c) In a soft medium the cells are fusiform or thread-like in shape. 
The migration of isolated cells is much more pronounced than in the 
semi-firm media,  as a  result of which the membrane undergoes  con- 
stant and rapid loosening up.  By this means whole portions of the 
membrane become detached and their separate parts are at first united 
by the  thread-like  columnar  cells,  which  become  drawn  out  in  the 
form of long threads  upon the separation  of the individual  sections 
of  the  membrane.  The  loosening  up  of  the  membrane  is  further 
assisted  by liquefaction  and  the  consequent  formation  of vacuoles; 
the latter process likewise results in the formation of thread-like col- 
unmar cells. 
(d)  Liquid media contain  only round cells. 
3.  This  serves to explain numerous  internal  processes of the  or- 
ganism,  especially certain changes of form observed by Leo Loeb in 
transplantations  of  wound  scabs  and  of  skin;  the  conditions  arti- 
ficially produced by Leo Loeb must  have  effected a  change  in  the 
consistency of the medium. 
4.  It  has  been  shown  that  it  is  unnecessary,  for  a  satisfactory 
explanation of the above findings, to have recourse to the theories of 
" functional  stimulus"  or  "inhibiting  influences,"  by  means  of 
which  Champy  wished  to  account  for  the  variations  in  the  mor- 
phological character  of the cells. 
I wish here to acknowledge my indebtedness to Mr. Louis Schmidt, 
for  the  care  with  which  he  has  made  the  photographic  reproduc- 
tions of my cultures.  Mr.  Schmidt has succeeded in working out a 
new  method  for  counteracting  the  destructive  effects  of  the  con- 
densation  of water  which  is  apt  to occur in the  cultures  when  ex- 
posed  to  the  rays  of  the  arc  light  after  having  been  previously 
kept at a  low temperature  (21 ° to 23 ° C.). 
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EXPLANATION  OF  PLATES.' 
PLATE 6. 
FIC.  I.  Frog  skin,  cultivated  in  a  firm  medium  (F.PI.+F.E.+Ch.Pi.+ 
Ch.E.) ;  about  twenty  hours  after  explantation.  A  dense  membrane  of  polyg- 
onal  epithelial  cells  surrounds  the  old  fragment.  A  small  vacuole  still  exists 
on  the  right  side  only,  which  has  caused  some cells to  become elongated.  Cul- 
ture  B  174;  Giemsa stain; magnification  X  3o. 
FIG. 2.  Frog skin,  cultivated in a  semi-firm medium (F.P1. +  F.E. -~- Ch.P1.)  ; 
three  days  after  explantation.  Part  of  the  cell membrane,  fairly  remote  from 
the border of the membrane,  where the latter  still consists  of two to three layers 
of  cells.  As  shown by this  cross-section,  they are  cuboidal  in  shape;  as  shown 
in  Fig. 8,  seen  from above,  they  are polygonal.  Therefore  their  actual  shape  is 
polyhedral.  Camera  lucida  drawing;  Culture  7,  Cross-sections  stained  with 
Giemsa solution after fixation in potassium bichromate, 7o per cent ; glacial acetic 
acid, 20 per cent;  formalin,  IO per cent;  magnification, Leitz oc.  3;  obj.  1/12,  oil 
immersion;  tube  17o. 
FIG.  3.  Frog  skin,  cultivated  in  a  firm  medium  (F.P1. +  F.E. +  Ch.P1.  + 100  Epithelial  Cells  in  Cultures  of  Frog  Skin. 
Ch.E.);  about  twenty  hours  after  explantation.  A  piece  of  the  border  of  the 
cell membrane,  seen  from  above,  where  the  cells  have  a  polygonal  shape.  The 
spaces  between  the  cells  are  artificially  produced.  Camera  lucida  drawing. 
Culture  ]3  169.  In  toto  preparation,  stained  with  Giemsa  solution  after  fixation 
in formalin 2 per cent;  magnification, Leitz oc. 3;  obj. 6;  tube  16o. 
PLATE 7. 
FIG.  4-  Frog  skin,  cultivated  in  a  firm  medium  (F.PI.+F.E.+  Ch.PI.+ 
Ch.E.);  six  days  after  explantation.  A  dense  membrane  of  polygonal  cells 
(epithelial)  surrounds  the original  fragment.  No cells migrate out of the mem- 
brane  into the medium.  Culture  B  114;  Giemsa  stain;  magnification  X  30. 
FIG.  5.  ]3order  of  the cell membrane  of  the  same  culture  as  seen  in  Fig.  4, 
highly magnified.  The  shape  of the  cells is  shown  in  a  firm  medium;  they are 
polygonal,  even  those  situated  at  the  edge  of  the  membrane.  Two  of  the  cells 
are  undergoing  mitotic  division.  Culture  B  114;  Giemsa  stain;  magnification 
:>~ 1,000. 
PLATE 8. 
FIG.  6.  Frog  skin,  cultivated  in  a  firm  medium  (F.P1. +F.E.+  Ch.PI.+ 
Ch.E.);  ten  days  after  explantation.  A  dense  membrane  of  polygonal  epithe- 
lium-like  cells  surrounds  the  original  fragment.  The  border  of  the  membrane 
is  uniform,  and  even  the  border  cells  are  polygonal  in  shape.  No  cells  are 
migrating  from  the  membrane  into  the  medium.  Culture  B  lO3;  photographed 
while alive; magnification  X 30. 
FIG. 7.  Frog skin, cultivated in a  semi-firm medium  (F.P1. +  F.E. +  Ch.Pll) ; 
about  twenty  hours  after  explantation.  The  cell  membrane  is  dense  only  in 
the center ; at the edge of the fragment it is loose, and here large pointed tongues 
of tissue project out into the medium.  At the tips many spindle-shaped  cells are 
in  the  act  of  becoming  detached  from  the  membrane  and  migrating  into  the 
plasma.  Most of  the cells situated  at the  edge have changed  from  being polyg- 
onal  to  fusiform.  Therefore,  the  edges  of  the  membrane  are  serrated,  the 
medium being filled with  free spindle-shaped  cells.  Culture B  86;  Giemsa stain; 
magnification  X  30. 
PLATE 9" 
FIG. 8.  Frog skin, cultivated in a  semi-firm medium  (F.P1. +  F.E. -[- Ch.P1.) ; 
three  days  after  explantation.  The  same  characteristics  are  seen  as  in  Culture 
]3 86  (Fig. 7),  but more pronounced.  There are many holes in the membrane  at 
the  back  of  the  projections,  produced  by  the  forward  motion  of  the  cells  into 
the medium,  and they are not filled with fluid.  Culture B  7; photographed  while 
alive; magnification  X  60. 
FIG.  9.  The  polygonal  cells  at  the  edge of  the  cell membrane  have  assumed 
a  spindle  shape  and  become  isolated  from  the  membrane  when  cultivated  in  a 
soft  medium.  Drawing,  made  with  a  magnification,  Leitz  oc.  3;  obj.  6;  but 
without  camera  lucida. 
FIG. 9  a.  Culture A  406  c, cultivated in F.P1. +  F.E.,  six days after explanta- 
tion.  I.  The  homogeneous  ectoplasm  flows  out  into  the  medium.  II.  Cells  a Eduard  Uhlenhuth.  101 
and b  assume a  flask-like shape.  IlL  Cell a  has become isolated and contracted. 
IV.  Cell  a  resumes the  fusiform  shape. 
FIG.  9  b.  Culture  B  9,  cultivated  in  F.PI. +  F.E. +  Ch.PI.,  four  days  after 
explantation.  I.  Cell a  moves out into the medium, but remains connected by  a 
thin plasma bridge with the other cells.  II.  Cell a  assumes  a  round  shape.  III. 
Cell a  resumes the spindle shape. 
PLATE IO. 
FIG. I0.  Frog skin, cultivated in a  semi-firm medium (F.P1. +  F.E. +  Ch.P1.) ; 
twenty-one  days  after  explantation.  Only  the  most  central  zone  of  the  mem- 
brane  is  compact,  the  borders  are  drawn  out  into  long  cloven  tissue  tongues, 
giving the culture  a  star  shape.  The  migration of  isolated  spindle  cells  is  con- 
siderable,  and  more  extensive  than  in  Figs.  7  and  8.  Culture  B  78;  photo- 
graphed while alive; magnification  X  30. 
PLATE  I I. 
Fla.  n.  The same culture as  in Fig.  IO, but twenty-two days  after explanta- 
tion.  The  cell  membrane  has  further  developed  in  size;  there  are  long  tissue 
projections and large holes in the cell membrane, some of which have been filled 
up  with  a  softer  medium.  The  hole  in  the  upper  part  of  the  figure  especially 
is  bridged  over  by  thread-like  columnar  cells.  There  are  large  numbers  of 
isolated,  migrating  cells  around  the  cell  membrane,  which  spread  out  far  into 
the medium.  Culture  ]3  78 ; Giemsa stain ;  magnification  X  30. 
PLATE  I2. 
FIG.  12.  Spindle-shaped  cells  of  epithelial  origin  in  a  culture  of  frog  skin, 
cultivated in  a  semi-firm medium  (F.P1.-}-F.E.-}-Ch.P1.)  for  twenty-two  days 
(same  culture  as  in  Fig.  ii) ;  the  cells  are  migrating  from  the border  of  the 
tissue projections into the medium. 
Fla.  12 a.  Tip of  a  tongue of  cells,  projecting  from  the membrane  into  the 
medium,  where  the  cytoplasm  of  the  originally  polygonal  cells  is  seen  flowing 
out  into  the  medium,  by  means  of  which  process  the  cells  are  assuming  a 
spindle-like  shape.  The  nuclei  are  also  stretched  out  and  elongated,  and  have 
a  clear  nuclear  plasma  and  in  addition  one  or  two  nucleoli,  but  no  chromatin 
net,  as  is  always  the  case  in  the  polygonal  cells,  when  fixed  in  formalin;  the 
cytoplasm is more or  less  foamy in structure. 
PLATE  13, 
FIG.  12 b.  Two  spindle cells shortly after isolation  from the membrane,  still 
connected  with  each  other.  Both  possess  some  vacuoles  in  the  cytoplasm,  one 
of which is distinctly differentiated into a clear ectoplasm and a  foamy endoplasm. 
FIG.  12  c.  Isolated  and  moving  spindle  cell.  The  anterior  end,  directed  to 
the  external  edge  of  the  drop  of  medium,  is  stretched  out  into  a  long,  thin 
process,  at the end of which a  slight swelling has developed. 102  Epithelial  Celts  in  Cultures  of  Frog  Skin. 
PLATE I4. 
Fx~. 13.  Frog skin, cultivated in a  soft medium (F.PI. -~ F.E.) ;  about  twenty 
hours after explantation.  Nearly the whole membrane is migrating away from the 
old fragment into the medium, in which we see little pieces  of tissue moving freely. 
Holes  of  various  sizes  have  developed  in  consequence  of  the  migration  of  the 
border cells, the external parts  of the membrane  being connected with the inter- 
nal ones by means  of the thread-like  columnar  cells,  which  are  long drawn  ont. 
The  holes  are not filled with  a  medium  of  different consistency  from  that  pre- 
vailing  outside,  both  being  soft  but  not  liquid.  Nearly  all  the  cells  of  the 
membrane,  including  the  internal  ones, are  elongated;  the  cells  at  the  edge  are 
spindle-like.  Culture  B  II  9; photographed  while alive; magnification  X  3o. 
PLATE 15. 
FIG.  I4.  Frog  skin,  cultivated  in  a  soft  medium  (F.P1.-~-F,E.);  six  days 
after explantation.  Similar to Fig.  I3.  Isolated spindle-shaped  cells and thread- 
like  columnar  cells  can  plainly  be  seen.  Culture  B  121;  stained  with  Giemsa 
solution  after  fixation in formalin 2  per cent ; magnification  X  3o. 
PLATE I6. 
FIG.  I5.  Frog skin,  cultivated  in  a  medium  which  is  partly  firm,  and  partly 
in  the  act  of  liquefying  (F.P1.-~ F,E.);  four  days  after  explantation.  Large 
vacuoles  are  causing  the  cells  to  become  stretched  out,  thus  producing  thread- 
like columnar  cells.  In  the  firm  part  of  the  medium  a  compact  cell membrane 
is  seen.  The  upper  layers  are  separated  from  the  fragment  and  form  a  thin 
membrane,  which  covers  a  part  of  the  old  fragment  and  part  of  the  compact 
cell membrane.  No  change  has  been  going  on  in  these  upper  layers,  the  cells 
of  which are neither growing nor  moving.  Culture  B  117;  photographed  while 
alive; magnification  X  30. 
Fro.  I6.  Frog  skin,  cultivated  in  a  soft  medium  (F.PI.+F.E.);  eighteen 
days  after  explantation.  Only a  very small,  thin  membrane  remains  around  the 
old  fragment,  This  membrane is  extended  into  several tissue  projections,  from 
which  the  spindle-shaped  cells  are  becoming  separated  and  are  migrating  into 
the medium.  The medium contains numbers  of isolated cells, which are spindle- 
like or round.  Culture B 77; photographed  while alive; magnification  X  3o. 
PLATE 17. 
FIG.  17.  Frog  skin,  cultivated  in  a  soft  medium  (F.P1. +  F.E.),  which  had 
almost  completely  liquefied  when  the  photograph  was  taken  twenty-one  days 
after  explantation.  The  old  fragment  has  become  a  globular  ball.  The  cell 
membrane  has  entirely  loosened  up;  in  its  place  there  are  only  isolated  cells, 
most  of  which  are  round,  but  some  are  spindle-shaped.  Culture  B  81;  photo- 
graphed  while alive; magnification  X  30. 
PLATE I8. 
FIG.  I8.  A  small  fragment  of  a  cell  membrane,  grown  out  of  a  piece  of 
frog  skin  in  a  firm  medium,  isolated  five days  after  explantation  and  kept  for Ed~tard Uhle~huth.  103 
two  days  in  a  firm medium  (F.P1. +  F.E. +  Ch.P1.  +  Ch.E.),  at which  time the 
picture  was  taken.  A  dense,  compact membrane  has  grown  out of  the  original 
fragment  of  membrane,  consisting of polygonal cells.  No migration  of  isolated 
cells  into  the  medium  is  taking  place.  Culture  13  IOO  a;  photographed  while 
alive ; magnification  X  30. 
FIG.  19.  A  fragment of  a  cell membrane,  grown out of  a  piece of  frog  skin 
in a  soft medium, isolated four days after explantation, and kept in a  soft medium 
(F.P1. +  F.E.)  for about  twenty hours,  at which time the picture  was  taken.  A 
network  of  elongated,  splndle-shaped,  and  thread-like  cells has  developed  from 
it,  which  greatly  resembles  connective  tissue.  The  thread-like  columnar  cells 
are clearly seen in this photograph.  Culture  B  119 a;  stained  with Giemsa solu- 
tion after fixation in 2 per cent formalin ; magnification  X  30. 
PLATE 19. 
FIG. 20.  Frog skin,  cultivated in an unusually  firm F.P1.-4-F.E.  medium.  It 
possesses  the  same  characteristics  as  a  culture  in  a  firm  F.P1. +  F.E.-4-Ch.P1. 
+  Ch.E. medium  (compare  Figs.  I,  4,  and  6).  Culture  A  157;  about  twenty 
hours  after  explantation;  Giemsa  stain,  after  fixation  in  2  per  cent  formalin; 
magnification  X  3o. 
FIG.  21.  Frog  skin,  cultivated  in  an  unusually  firm  F.P1. +  F.E.+  Ch.P1. 
medium;  fwo  days  after  explantation;  the  cell membrane  and  its  cells,  grown 
out  of  the  old  fragment,  have  the  same  characters  as  in  a  firm  (F.P1. +  F.E. 
-4-Ch.P1.-4-Ch.E.)  medium  (compare  with  Figs.  I,  4,  and  6).  Culture  B  I3; 
photographed  while alive; magnification  )< 30. 
PLATE 20. 
FIG.  22.  Frog  skin,  which  was  cultivated  in  a  firm  medium  (F.P1. +  F.E. 
-l- Ch.P1. +  Ch.E.) ; the membrane  had  for ten days the compact character pecu- 
liar to a  firm medium.  On the eleventh day the  fresh medium,  although  of  the 
same  composition,  had  become  softer  and  the  membrane  and  the  cells  at  once 
assumed  the  characteristics  of  cultures  kept  in  semi-firm media  of  the  compo- 
sition  of  F.PI. +  F.E.-4-Ch.PI.,  as  is  shown  in  this  photograph  (compare  Figs. 
7,  8,  and  II).  Culture  t3  IOO; eleven  days  after  explantation;  stained  with 
Giemsa solution  after  fixation in 2  per cent  formalin ; magnification  X  30. 
PLATE 21. 
FIG. 23.  Round  cells.  Fig. 23  a  and b,  from  Culture B  81,  which was placed 
in  a  liquid medium  (compare  Fig.  I7),  consisting  of  F.PL  and  F.E.;  Fig.  23  c, 
from a  semi-firm medium,  consisting of  F.P1. +  F.E. -4- Ch.P1.  -4- Ch.E. ; fixed in 
formalin 2  per cent;  Giemsa  stain;  camera  lucida  drawing;  magnification,  Leitz 
oe. 3;  obj. 1/12,  oil immersion; tube  17o. 
FIG.  24.  Various  stages  of  the movement of  a  formerly spindle-shaped  cell, 
which  is  in  process  of  becoming  round;  a  twenty.-two  day  old  culture  of  frog 
skin,  kept in a  medium  which  is becoming liquid  (F.P1. +  F.E. L~ Ch.P1.).  Cul- 
ture  B  45;  drawing made  from  the  living specimen;  magnification,  Leitz  oc.  3; 
obj. 6;  tube  16o;  schematic. 104  Epithelial  Cells  in  Cultures  of  Frog  Skin. 
FIG. 25.  Skin epithelium of a  regenerating tail of the tadpole of Rana pipiens, 
showing a  mitosis,  the spindle  of which  is parallel  with  the  surface  of  the  con- 
nective tissue.  Taken  one  day  after  the  tip  of  the  tail had  been  cut;  fixed  in 
potassium  bichromate,  70 per cent;  glacial acetic acid,  20 per  cent;  formalin,  IO 
per  cent;  stained  with  iron  hematoxylin.  Camera  lucida  drawing;  half  size; 
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